A very interesting field of research on advanced composite materials is the possibility to integrate new functionalities and specific improvements acting on the matrix of the composite by means of a nanocharged resin. In this way, the composite becomes a so-called "multiscale composite" in which the different phases change from nano to macro scale. For example, the incorporation of nanoscale conductive fillers with intrinsically high electrical conductivity could allow a tailoring of this property for the final material. The properties of carbon nanotubes (CNT) make them an effective candidate as fillers in polymer composite systems to obtain ultralight structural materials with advanced electrical and thermal characteristics. Nevertheless, several problems are related to the distribution in the matrix and to the processability of the systems filled with CNT. Existing liquid molding processes such as resin transfer molding (RTM) and vacuum-assisted resin transfer molding (VARTM) can be adapted to produce carbon fiber reinforced polymer (CFRP) impregnated with CNT nanofilled resins. Unfortunately, the loading of more than 0.3-0.5% of CNT can lead to high resin viscosities that are unacceptable for such kind of processes. In addition to the viscosity issues that are related to the high CNT content, a filtration effect of the nanofillers caused by the fibrous medium may also lead to inadequate final component quality. This work describes the development of an effective manufacturing process of a fiber-reinforced multiscale composite panel, with a tetra-functional epoxy matrix loaded with carbon nanotubes to increase its electrical properties and with GPOSS to increase its resistance to fire. A first approach has been attempted with a traditional liquid infusion process. As already anticipated, this technique has shown considerable difficulties related both to the low level of impregnation achieved, due to the high viscosity of the resin, and to the filtration effects of the dispersed nanocharges. To overcome these problems, an opportunely modified process based on a sort of film infusion has been proposed. This modification has given an acceptable result in terms of impregnation and morphological arrangement of CNTs in nanofilled CFRP. Finally, the developed infiltration technique has been tested for the manufacture of a carbon fiber-reinforced panel with a more complex shape.
Introduction
The inclusion of nanomaterials inside a polymer allows us to add new functional characteristics that increase the range of possible uses of the polymer [1] .
Clearly, the inclusion of nanofillers in a polymer does not highly affect the final mechanical properties of the composite [2, 3] . Nevertheless, it is possible to take full advantage of the additional features provided by the nanocharge using them as matrices in fiber reinforced composites. Indeed, this approach can give rise to composite systems that show additional properties that derive from synergic effects by the coupling of different materials.
Starting from the combination of different materials with different scales of size (nano, micro, and macro), it is possible to develop a new class of advanced composite materials, commonly referred to as multiscale composites [4] , which implement new intrinsic functionalities both in the purely structural and in the non-structural environment.
Concerning the mechanical performance, for example, it is possible to improve the adhesion between the layers of a composite in order to reduce delamination [5] or to improve impact resistance or acoustic damping [6] . Furthermore, it is possible to develop features that make these materials "intelligent" as self-repairing materials [7] or sensitive to any damage suffered [8] or with a reduced radar section [9] .
In a manufacturing process of a multiscale composite, it is possible to distinguish two basic phases:
(i) The inclusion of nanocharges (either in the matrix or on the fiber surface) [10] (ii) Impregnation of reinforcing fibers with the matrix A practicable approach for the realization of a multiscale composite can be firstly to disperse the nanometric charge in the polymer, thus creating a nanocomposite, and subsequently use this nanocomposite to impregnate the reinforcing fibers.
An alternative approach for the realization of a multiscale composite consists initially in distributing the nanoparticles on the surface of the fibers by means of a spray, and using a chemical graft that acts as a bridge. Other methods to disperse the nanocharges use electrophoresis or even growth of nanotubes directly on the fibers and then proceed with the infusion of the pure matrix [11] .
The dispersion of nanocharges in a polymer is the most common method for the inclusion of nanomaterials into a multiscale composite. Nanomaterials, especially carbon nanofibers or nanotubes, have a strong tendency to agglomerate. Therefore, the purpose of the dispersion process is to break the agglomerates in order to keep the individual nanomaterials separated and to distribute them uniformly inside the polymer [12] . The difficulty of the dispersion process increases with the growth of the relative surfaces of the nanostructure defined as aspect ratio. In fact, the forces that tend to aggregate the various nanostructures are Van der Waals forces and become very high due to the large contact surface that occurs between small particles [13] . An immediate effect of such behavior is the sudden rising of the viscosity of the polymer during the dispersion [14] [15] [16] .
In order to define a feasible CFRP manufacturing process, it is fundamental to study the rheological characteristics of the multifunctionalized resins proposed. From this study, it is possible to evaluate the viscosity and the time available for the manufacture of the composite (pot life).
Based on the evaluation of these parameters, it is possible to propose a method to produce the composite.
Experiments
2.1. Materials. The epoxy system used in this activity is based on a mixture of tetraglycidyl methylene dianiline (TGMDA) and 1,4-butandiol diglycidy lether (BDE) in which 0.5% of carbon nanotubes and 5% of GPOSS [16] were dispersed.
The evaluation of the viscosity of the nanofilled resin has been made using a rheometer TA Discovery HR-2 at different temperatures in a first test (Figure 1(a) ) and holding the sample at 120°C, to estimate the pot life of the system. 
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It is possible to see that the value of viscosity at 120°C is about 1.0 Pas and keeps constant at this level for at least 20 minutes ( Figure 1(b) ). We anticipate that this value is very close to the threshold level that it is possible to find in literature as the practical limit of the infusion process [17] . The fiber fabric used for the test article is Toho Tenax G30550 3K HTA 5131 200tex/PW (alternatively indicated as HTA40 E13 3K 200tex Aero/TR/1067 mm). This fabric is especially designed to facilitate the permeation of resin.
Classical Infusion
The mold plate was coated with a water-based PTFE release agent and covered by one layer of nonporous release film. On the release film, 7 plies of carbon fiber fabric are layered (Figure 2(a) ).
The laminate is covered by a porous release film, namely, a PTFE-coated fiberglass that allows the excess of resin, the volatiles, and the trapped air to flow into the breather during the cure process and by a layer of distribution medium covering almost the whole panel. A breather cloth is placed in correspondence to the outlet of the resin, and finally a vacuum bag is prepared (Figure 2(b) ).
The panel on the mold and the resin reservoirs are thermostated at 120°in the oven and then the infusion started taking 35 minutes to fill the dry preform (Figure 3) .
Once the infusion was completed, the cure cycle started. The panel was cured according to the following cure cycle: a ramp of 3°C/min up to 190°C, a hold for 3 hours, and a cooling phase with a rate of 2°C/min.
The panel shows many defects such as the low level of compactness and dry regions on the upper side (Figure 4(a) ) and in the final part. The resin did not reach the lower side of the laminate where only small areas were infiltrated (Figure 4(b) ).
Successively, an investigation based on microscope inspections was conducted on samples extracted from the panel.
From the microscope observation, it is possible to see the presence of a large number of voids, in particular in the regions far from the inlet of the resin ( Figure 5 ).
The experiment demonstrated the practical unfeasibility of the classical liquid infusion approach with the resin available. Indeed, despite the limited surface of the panel, the impregnation was not complete. This fact confirms the limit value of 0.8 Pas reported in literature for the resin viscosity in a liquid infusion process [17] .
Modified Film Infusion Scheme for a Flat Panel.
The solution of the critical point found during the classical infusion process of a simple flat panel has been attempted by means of a variation of resin film infusion (RFI) consisting in the infusion of a bulk of nanocharged resin spread on a release film. Successively, a dry preform (400 mm × 400 mm) with 7 plies of carbon fiber fabric has been placed on this resin thick film (Figure 6(a) ). The edges of the preform have been sealed to force the resin to flow through the thickness (Figure 6(b) ).
The upper side of the laminate has been covered by a porous release film and by a distribution medium in order to allow the resin to flow on the surface. Around the preform, 3 International Journal of Aerospace Engineering a bleeder medium has been placed to receive the excess of resin, and a vacuum bag has been prepared (Figure 7(a) ). The laminate has been placed into the autoclave (Figure 7(b) ).
The curing cycle has been set with the following parameters: The excess of resin has been absorbed by the bleeder/-breather (Figure 8(a) ). The panel is 1.39 mm thick, with a volume fiber fraction (calculated) of V f = 0 55. The panel has been trimmed, and the final dimensions are 330 × 330 mm (Figure 8(b) ).
The quality of manufacturing has been verified cutting an edge of panel and observing it by means of an optical microscope at different magnitudes. The microscope analysis ( Figure 9) shows that the panel does not have macroscopic defects and is uniformly infiltrated. Therefore, the feasibility 
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and effectiveness of this modified manufacturing technique have been proven for the realization of fiber-reinforced panels with nanocharged matrix.
Modified Film Infusion for a Panel with Stringers.
Based on the foregoing positive results, the manufacturing of a more complex panel with three T stringers has been approached. A rubber tool (Figure 10(a) ) has been casted to allow for the lamination of the stringers and the compaction of the panel under the vacuum bag. The silicon rubber used in this case is Aircast 3700, by Airtech.
The rubber tool is placed on an external aluminium rigid plate which forces the flexible tool to stay in the correct position. The thermal expansion of this tool helps the compaction of the preform during the cure cycle.
The three T stringers have been prelaminated in the rubber tool to achieve the proper shape and successively extracted from the tool (Figure 10(b) ). 
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The right quantity of resin for each stringer has been placed on separate stripes of porous peel ply (Figure 11(a) ). This is done to facilitate the insertion of resin and preforms in the cavities, by hand layup, in a very short time. The stripes and the preforms are placed in the cavity (Figure 11(b) ).
The change in temperature causes a very rapid increase in viscosity which makes very difficult any other operation to disperse the resin on the surface.
On the metal mold, a large porous peel ply has been prepared with the right quantity of resin. The resin has been dispersed at the same height thanks to a specific tool (Figure 12(a) ), then the flat preform of the skin has been placed on the resin and finally the rubber tool, already prepared with stringer preforms, has been placed in the reverse position (Figure 12(b) ).
The rigid metal outer mold has been placed on the rubber (Figure 13(a) ), and a typical vacuum bag has been prepared. The overall assembly has been cured in the autoclave (Figure 13(b) ). After the cure, the quantity of resin squeezed out from the panel was very limited.
The external face of the stringered panel appears very uniform. No major excess resin pocket regions are visible, International Journal of Aerospace Engineering except for the internal face of the panel where it is possible to notice small zones not perfectly uniform. However, the thickness appears quite homogeneous (Figure 14(a) ), and there are no voids at the bottom of the T stringer ( Figure 14(b) ).
Conclusion
The experience described in this work shows the results obtained during the process of a multiscale composite material by means of nanocharged matrix, highlighting the difficulties incurred during the manufacturing of just a simple flat panel using a classical infusion process. In order to overcome manufacturing criticalities, a modified infusion scheme has been conceived and applied to a simple panel and to a stringered panel. Overall, the possibility to produce stringered complex panels with nanofilled resin has been demonstrated using the described manufacturing approach, even though at this preliminary stage some imperfections are still present. These imperfections are due to the very strict conditions in which it is possible to operate with the filled resin to distribute it manually on large surfaces. An option to be tested is to heat up the tool and all the materials involved at the same temperature, even though it is difficult to operate manually. In this case, an automated uniform distribution of resin at high temperature on the hot tool could be a viable option to ameliorate the result. The final aim of this work is to demonstrate the potentiality and the process feasibility of these materials to be integrated in composite structures with additional features.
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